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© Embryogenic callus and cell suspension of inbr*d corn. 

© Embryogenic callus of corn inbred B73, embryogenic cell 
Suspensions of ccrn inbred B73, clones of the emN>ogenic 
callus and cell suspensions of corn inbred B73, corn plants 
and the seed thereof regenerated from the embryogenic 
callus, embryogenic cell suspensions and clonts of the 
embryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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Z.M5RY0CENIC CALLUS ASP .CELL SUSPENSION CP INBRED CCSN 

Field of the Invention 
The invention relates to embryogenic callus of. corn inbred 373 - 
a major commercial inbred corn variety. The invention also relates to 
cell suspensions derived from Cryogenic callus of corn inbred B73. The 
cell suspensions may be characterized as uniform mixtures of embryogenic 
and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to embryos of com inbred B73 under certain culture 
conditions described hereinbelcw. invention furthermore relates to 

viable seed-producing plants of com inbred 373 regenerated from the 
erbryogenic callus or embryogonic cell suspensions 'according to the inven- 
tion" 'lastly, the invention concerns mutant and/or recombinant progeny of 
embryogenic callus or erbrycconic cell suspension and com plants regener- 
ated" therefrcn. Specific exiles of the embryogenic callus of com 
inbrpd 373, from which embryccenic cell suspensions may be derived, have 
been deposited in the America Type Culture Collection under A-C 
sion number 40116 on April 1-5. 19S4. 

Relevant Art 

' Zea mavs L. or com is a major worldwide cereal crop. Ln the 
continental United States aicne, an estimated 82 million acres of com is 
planted yearly. A survey of the U. S. corn gem plasm base conducted in 
1979 accounting for 1.3 billion pounds of seed com, determined that com 
irbred B73 was used in the production of approximately 178.5 million 
Pounds of com hybrid seed. This amount reflects approximately 14% of the 
total com seed required for the 1SS0 planting of 62 million acres of com 
in the United States. B73 was used to produce more hybrid com seed thar. 
anv other com inbred line in the 1979 sur.ey. As the major inbred corn 
line used in hvbrid com seed production, B73 is a commercially important 
com inbred. Successful efforts to improve B73 are likely to have a ma D or 
impact on the commercial com seed business. 

Current methods for improving inbred com lines are time c-n- 

. . • •■•<r'i.-r <T Vii«; — o'^nrc "Tat reduce anv oi 
S'uminc, labor intensive, and ..ss/. --us, oc_ -i<^ 
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cc*l«» «*M "Present an advance in the cereal breezing arts. 
' L ~chcd for inducing chafes in an inbred com seeo Une is acccc 
-U«hed bv easing inbred seed corn to a mutagen. »* * 

laalation'or '. -tagenic chemical, growing the seed out , and --~^« 
S "com slants for a desire characteristic such as decrease height or pa.h- 

z « si—- ^ piants aispuyi ^ *• dssiced * acact : ristics 

Ttnen replanted, rescreened and tine seed fton passing the screen 

.„ gained. After several years and many grow-outs of the seed, a 
efficient seed .to* of the inired displaying the desired characteristic 
10 is accumulated for ccmaercial breeding. 

Several problem attend the ^tncd of obtaining a ncdifirf inbred 
seed line as described above. IrSred coo lines are highly W 
Z,. or pure-brea. Seen inbred lines fluently display low vigor, and 
gcus, f croduction is too low, 

as a result f recently produce few seed. prcc 
)5 suc ~ssful larce-scale production of seed derived rrcn a single p ... a 
^"i""ed inured line «y not be possible at all. Even if the 
^ Is vigorous produces adequate nu^rs of fertile see,, several 

ccn^ercial breeds possible. 

IS Other approaches to the probation o. 

have also been suggested and rely upon plant tissue cul 

ns^ of t^ese accroaches, cell cultures are subjected to Kagame 
in see t e •• characteristic is selected or scree.nez 

ionizing radiation. The desi.-ble c ■ .„ ^gated 

• -a-«r» cells having the cesirable a.a-a . <r . 

» i^ :l .r^ul-ately regenerated to fco seedling ^ 

e.g., Botti» P. . -a Potential of Cenetic .^n.pulat^ °'" 
Cultures for Plant Breeding,- Radiation Botany, 15:1-6 (.9.,). 

Xne feasibility of using selection technics on callus culture^ 
of certain ncn-co^rcial com inbreds and ^ 
30 .cing seed that carry - ^racterizsticn 
been d^enstrated by Hibbert et al. (see, ... , 48 :183-ie7 
o£ a *edba<* - Insensitive Tissue Culture of Maize, .Jo-*. 

( 1 980 ) . ) 
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■ ■ • of the instant invention, no friable ercrioqenic callus c_ — 
.ntrec s,3 of the n . ^ ^ sisniIiem 

or eugenic cell s ^ w Cryogenic callus 

inbred com line has be^e ^ , ^ 

s lines o £ "«=i*l ^ ^tin, plants by static 

cal lus o£ com inbred *l 88 «**«^« ^ ^ ?lan t ^cener- 

^rvogenesis (see, Green, C.E.. S~tic 

.tK» Fro. the rirable Calus of Jfi ^ " *~ ^ o£ H „ t 

Plant Tissues end Cells, ttio Fu 3 «ra ed., Japanese fs ^ 

t,^. 1932) Eitoyrogenic. friable A1B3 
10 Tissue Culture, pub. Tokyo, Japan. 1932)- - - 

; or ^^ fron spontaneous seCwOrs 05 

cal lus according «n - „ car . * obtained 

organogeny callus. ^ ^ ^ e . lislSng pollinate* 

as tell <«. 1-t- fc . ,_ h i 5 e «, a** <*, 

A183 are rercved frcm tie seeu an- . _ 

15 see Murashige and «cocc, P..vs.oloc ^c^sr. The i-mature 

. u « c n 7 4-0 1 rt" L-asrvaragine, anc 0.7% bac.ca^. 
with 0.5 ag/1 2,4 3,1 ntt L ^ ^ (See 

r^otic er-ryos are incuoa.ed a. 29 -i- 0jlture 

„ *i iq7Q »a H ; stolcaical Examination i^-* 
ccwr, W.D. et al., 19/9, n " saJ " ' , M 7tq _i 31 > 

initiation . - - - Drc liferates rapidly and torrs 

20 The scutell'jn o. tne r ^_. . . , . nf . he sc-itellin becomes • 

r-ii-n-e. ^ e eoitr.eiivm of je s^-u— 
an organogenic callus c~ — - _ ~~ ^jil-ure 

• . / ^ e -«-»i-ic a=ical r«ristens foivi at tr« — 

n.-^-y 3 , , znr* Because no root c.- 

which is characterized ^ an ^ ccnciderw 

^- ar p a-oc^atec with the sl^ct pri^oroia, the callus i, co,. 
mcrdia are asooc-a^- 

25 organogenic . 

• us arises soontar.eously as sectors grow- 

Green's embryogenic callus arises spo 
■ e * Unshed ottranccenic callus or can be induced r.an f 

clJ lfures «* prol-ne. .- call ^ apP ears undifferar.- 

- e^vocenic «1 us » B,3 G. - - ;ion cn visu al inaction a.nd 

30 tiated, highly fnable, has ^ J ieas; ^ „ ^ 
u £as t g row in3 , weiring s-b-c^ ^ ^ 

.-^ iW er.ic callus culture des..ibea oy uts 

= »j S ™di.-i wiCl 2* sucrose and 0.5 to 1.0 mg/1 2,1-0. 
stace cr. MS or N6 media . £ &e ^.^-s 

^rmal development to t.e ^wur- - . - 

c*orrPd - N6 n^edim with 6% sucrose and no 2,4 0. The ma 

35 are transrerrea ^ ^° J ^ 



ercryos can then be induced to germinate 
sucrose without hcrnicr.es. 
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cn MS or N6 medium containing 2% 



Green also describes suspension cultures of the embryogenic line 
of A133 and discloses that such suspension cultures can be maintained in 

5 MS median containing 1 mg/1 2.4-D with 2% sucrose. When alicuots of the 
suspension cultures are plated onto solidified MS median containing 2% 
sucrose, a callus forms from the plated suspension and embryos form on the 
callus surface. These embryos are transferred to MS or N6 medium with 6% 
sucrose for further development. After 2 weeks on medium with 6% sucrose 

10 these are transferred to lew sucrose, hormone-free median for-embryo gen- 
eration. A183 plants may be routinely regenerated from these emhryes. 

A Pcn -^enerating cell line of com. inbred B73 is known (see 
Pot^cus et al, — Aixlied Genetics, 51:209, 1979). This cell 
line' in suspension culture was established from a primary culture of 
,5 protoplasts* from plant tissues of the 373 inbred. The cells are charac- 
terized as growing well in suspension culture and easily maintainable on 
acar median. Furthermore, the cells can be enzyma.ically tu_..ec ir.-o 

, . in tun r— e-ate walls and beoome proliferating cells 

protoplasts, vnich m turn r- 3 -..c.-~ . 

p;^««^y, the cell? of this line nave nt=v=r incucea co 

20 r^en^^r^te'arf'norecver display ploidy abnormalities, a character- 
rr^r U« in oth-c ^-regenerating diploid plant cell lines. (See 
M Meadows, "Characterization of Cells and Protoplasts of the 373 Maize 
Cell Line" Plant Science Letters, 28: 337-348(1 982/B3 ) . Other attempts ro^ 
achieve plant regeneration from established 373 callus- have been similarly 
25 unsuccessful. (See Ba^ia,, E., "Tissue Culture of Hex- ^ 

is™, Stella Callus," tvne tica Polonica , Vol. 2J.aJ iu' 
Regeneration Frcrn scutena — > m . - 

(1982)). 

The ability to culture static cells of inbred plants in v^tro 
enables th. =l-t brerfer to apply the technics of microbial cenet.es to 
,„ ^ ing crobl*. in crop plants. Included in the oenet.cal 

" accroaches that have application to plant breeds are: 

Stations in cell cultures, .Maying test-path^ interrelating, 
t . ansf „ o£ =ene tic intonation into cells through uptaKe c! exogenous 
hetero'lecus isee S;o'*a ct al., 0. S. Patent 4,394,443, cr hccloccus -see 
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^- e =n _ Plication No. 90033A) DNA. Furthermore, somatic 

J; erlles tie plant breeder to develop, select ana propagate 

scnaclcnal variants havirc novel or useful agronomic characteristics. 

major obstacle to the application of these techniques to com- 
mercial com inbred B73 and sore other comercial inbreds has, until now, 
be-n the inability to provide a tissue culture or cell suspension tnat can 
regene^e whole plants. The Cryogenic com callus line and corn cell 
line derived therefran provided by the instant invention makes it possible 
to aoow somatic cell genetic techniques to a major commercial com line 
for "tie first time. The particular uses to which a cereal, and particu- 
lar a com cell line such as the or* described herein, can be put are 
cutU~d in numerous articles (see e.g., Bottino, P. J. "Potential of 
Geneve «anioclaticn in Plant Cell Culture," Radiation Botanv, Vol 1d: _ 

jv «pi,nr ceU CjTture and Somatic Cell Genetics 
1-16 (1975) ana Vasil, I.E./ ri^-t u *- c 

of Cecals arc Grasses," Plant Irreverent ^ Sortie Cell Genetics, 
Vasil", Ed. Acinic Press, N.Y. , 1st Ed., (1933) and "Tissue Culture in 
the Production of Novel Disease -Resistant Crop Plants," Biol. Rev, , 
54:329-345 (1979)). 

• - ^lo,- --op = - tr* cellular level of notations 
These uses mciuce so.io- — or. — 

. ,.,w C '-^f>^c Q---^ a-s Hp^icides and substances 
3 -ps-'s'-anc 0 to toxic suos^nces, Sv-w. — ^ 

croduced by plant p.^. Sir*. tb. selections =re carried c* at «. 
cnuiar level, it is Italy <h« plants «=.n.r.t.a fro, w cel.s 

w<U show the selected characteristic. It is significant that sucn a 
s-V- "ouM allcw =lant breviers to select (or screen) for the deseed 
5 characteristic f ron* among thou*** of cells in a single colore dish or 
f,**, whereas a large field plot would be required to selec, or screen a 
'correspond^ nor.ber of ^ S**> F^ts accord^ to traditional plant 
_ breed ing methods. 

It has, for example, been demonstrated th.at com plants derived 
30 fro, Bl.dc «e«ic- *«t com, a non-co^ercial cultivar, can be recen- 
~ted fro* tissue cultures Cut have been selected for resistance to 
,'vsi^ and threonine and that tissues of the regenerated plant n:<e-,ise 
rroduce com ola-.t tissue mat is resistant to lysine and threonine. ... 
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Hibbet, et al. . •S.Hetien «d Characterization of a feedback - 
Citiv. Tissue Culture of «aize," Pianta, 148 S 183-«7 (19 80,. 

The utility of such selections carried out in callus cultures has 
also teen derated by the regeneration fron callus culture of corn 

5 plants resistant to southern com leaf blight, a plant disease causes by a 
Ithotoxin produced by the plant pathogen Helrenthosforium mavdis nee .. 
Z com callus to the pathotox^ produced by the plant pathogen, 

recant callus was selected. Significantly", the progeny of certain 
distant plants «rs also resistant to the toxin ard plant pathogen 

,0 *us callul culture of a com cell line is durably eKectwe n the 
development of pathogen resistant com seed/ (See et al., 

«ance of Selected Pathoboxin Resistance in Maize Plants grated 

, a r ad Sci. USA, 74:5113-5117 (197/)). 

From Cell Cultures," Proc. Nat 1. Acaa. &ci. 

Brief Description of the DrawLncs 

Figure 1 is * representation of an isozyme pattern for esterase 

u hv e^ch ^ e^ectroohoresis as further described in Example 7. 

15 obtained by s^arcn c*_- e-e---^. 

Fiaure 2 is a representation of an isozyme pattern for alcohol 

u M ^ e ifl~*— ~ >^-=>sis as farther described 
dehydrogenase obtained by starch gel e.e^~ 

in Example 7, 

Figure 3 is a representation of an isozyme pattern for glutanate 

bv s-arch ael electrochoresis as further described 
20 .dehydrogenase obtained by s.arw. ge± 

in Exairole 7. 

Figure 4' is a representation of an isozyne pattern for ^lu- 

w • s-arch cei electrochoresis as further described in 

cosidase obtained by s.arcn ce. ex^ . 

Exaorple 7. 
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c.^tnarv off the Invention 
me present invention comprises tiuu. cultures of com inbred 
lini B73. These tl«u. cultures are characterize as Cryogenic callus 
enures of com i^r* B73 ard cell suspension 

^rvegenic callus culture of com irired B73. As used here.n, the tern 
C^enic callus- is defined as a friable callus having no 
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■ ^ na-tenarc- nwJivxn but on regeneration median organizes 

organization cn ma-.ter-^- _ 

* portion of wr.icn germinate to 
into discrete globular struct*, a per.. 

plants. 

As us^ herein the term -variation" is defined as phenctypic 
5 chafes that are: stable. 1.... they persist In the absence of the event 
tTwuc- the a* heritable, i.e., the new phenotype ^ 

»i«.d to darter cells *« they divide, dances in phenotype that per 
"ilt'cnly so ion, as the cells or tissues are Stained in a new 
ment are referred to as physiological responses. . ^ 

.,,„„. is US o^ he-ein to describe heritable vari- 
m "Genetic variation is useo ne ' = " 

. __,■.,.,»■! h, urcoenv of plants regenerated. Kern 
aticn that is sexually transmitted to prcc-ny 

cultured cells or tiss.es. Vr, term "-tent" is rese^e, tor t , ^cial 

i of cenetic variation in ^ a trait is transmitted .eictica.- 

accords to weU-established X« of inheritance, .hen , he na.ure c. ... 

• w~r> the tenn "variant" is used. 
15 heritable change is not <rc«n, we ce=n 

• ..u^ ■-^-er^afod". referring to plants, 
As used herein the te-.n rege. / 

^-s * M derived fro, cell tiss* culture. The «=. 

"Ins gained * self-fertilizatic, sib^-fertiUzation, ba*- 

v ^cc'-r of the reaenerated plants . 
crossing cr out-cross -ng or c« 

» As used herein the tern "clone" refers to callus or cell suspen- 

sions probated from, an established ceil suspense or callus line. 

^ e -™.ni'c callus culture of com' inbred B73 characteris- 
tically is a collects of s^stantially iscdi^tric cells **ieh ^ m 
clomps or ^ates of cells on solid maintenance ^ such as .S 

P c fh „ has asoiBBnted with 0.25 to 1.0 m/1 2,4^, 

7^ mpdiim N6 mec^i 1 -^ that nas ceen s>u^ 

25 T n ( -/-. — - — * ^rr:^ 

friable, i.e., easily bro*^ into seller el** of ce Us ^ >«* - 
under the Hcht microscope, no continuous epidermal laye i 
visible ta the ^r^emc ollus. In general, « ^enic = «^ » 

30 yellow-brov. in color. Crowe, of the «"« 15 * ™ 

a <~~jrula-cr- the sfcryecenic callus grows aSou. 3 
sw.ed m ...5 . cjl -..^o from vfcich it arose. 

times faster than the organccemc callus cui-.- 
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a consequence of its growth rate, the erbryccenic callus needs to be 
transferred to new medium every 1-2 weeks. 

The embryogenic callus is further characterized by the abser.ce of 
differentiated plant structure such as small shoots or their primordia, 
roots or their primordia, and meristems. A characteristic of cell suspen- 
sions derived from the callus is the production of a nucilage.no us poly- 
saccharide in media containing sucrose and 2,4-0. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the ernbryog'enic callus is its 
formation of embryo-like structures. The embryo-like structures are com- 
pact and globular. 3y transferring the globular structures to a hormone- 
free medium such as MS or NS medium, some of these globular structures can 
be induced to form plants. The plants can be transferred to soil and 
fertile B73 com plants are obtained. The progeny of these regenerated 
plants are substantially identical in form to seed^rowr. 373 plants. 
Tnus, "the invention encompasses corn plants regenerated frcm an embryo- 
genic callus of com inbred 373 and the progeny of the regenerated com 
plants. 



_ , • c..r-~ 0 ~ ^rr-v-i coc pr-^nronir cell suspension cul- 

u . 2 ii.<C"' — -" • : -.— 3- 

fores of embryogenic callus culture of com frJbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 corn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medium. The friable 
callus is transferred into a medium suitable for maintaining suspension 
culture, e.g. MS median' with 2 mg/1 2 f 4-D, and ^ is placed on a gyrotary 
shaker at 130 rpm at 28 *C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS or N6 medium containing no hormones 
and 2-5% sucrose. Globular embryos are transferred to solidified MS or No 
medium containing no hormones, 2% sucrose and optionally charcoal added to 
adsorb residual hormones, if any, and plantlets form cr. this medium. Thus 
the invention encompasses corn plants regenerated frcm an embyrccenic cell 
suspension of com inbred 573 and the progeny of the regenerated com 
plants. 



pies 
limiting. 
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, ■ t ^ h> . jr; onlv and ncn- 

which are intended by the inventor to be ex_. r — . 



EXAMPLE 1 
Initiation of Orcanoge nic Culture 
Plants fran maize inbred line 373 were grow* to maturity in a 
5 .refuse supplanted with metal halide lights (15 hours/day, and main- 
Tailed at 3C-C during th. day and 21'C at night. These -.re s elr- 
r siblinc^llinated. , m zygotic ^s ,.0-2 0 mill, 
in lenct.^" (12-14 days post pollination) were ase P tically ranged fro^r 
in lengtn i initiation medium 
face sterilized kernels and placed nat si-e cown on - . 

. , v - _. lts ,^ v S vitamins, 150 mg/1 asparagine, 0.6% a-a., 
10 which contained sal _s and vi-«. .^„-^ to = 

. c ,„ ,- p in c-'^ture medium hac been sOjus.ed *o a 

0 5 ma/I 2,4-D ana 12% sucrose. A— c_ >.-.- 

cH of 5.8 prior to autoclaving. Cu_.--S -e~ 

a. = w^-» tissue proliferates rran une 

23'C fcr 2-3 weeks, when a cornet vr.— c-ssue t 

, ^ f ,hp scut-^is- The zycotic e^rycnic "sheet axis vas 

rr^^orhizal end of the scjtei-u... -.<= -r. . . . . 

, u— ^if^a— r --u~. The white compact tissue vnicn was 

15 not part of the prolifera-.ng 

composed of snail parenchyma- li\e ce.ls re- 

v- _^^,,. c , T r me-istens, occasional snoops 
ccv-ed bv an eoidermal layer. Nu-rvercs .cot me.-s„- . ^ 

>Sl,r* crains were seen in this tissue, ^ite compact tissue ^ • 
r^ed from the e^yos, transferred to a -inte^ce «ec^., - - - 
20 the sa*e as the initiation -1* *t -eluded ,5-1 ^1 2 ^ 

sucrose, and cultured under Agrolites (1500 lux) at .3 C. C^res ... 
transff erred to fresh radian every 10-20 days. 

The conoact tissue produced on the. initiation nedi^becar.e 

,. an ^ an sfe-»d to the maintenance medium.. Nu, 
extremely heterogeneous when t.ans.e— to 

f^---sip comoact areen tissues oecame 
25 erous shoots, roots, as well as f^oole and car. fll . scs ~«ed 

^ . „■ H „,,p S .^-e carefullv removed ana oisca.-eci 

' visible. Leafy and rooty tissues we.e ^ 

from the compact organogenic tissue at each transrer. 

After or, year of continuous selection against non-regenerating 
regions and root., "the resulting organogenic tissue was da~ green c^ 
30 pact, convoluted and covered by a well^efined epidermis. Th. - 
lav^r re»i™a ec.ti^ even in «nes -.nr. P^*~\"- tiss , 
fcrist^Kic enters «re tenea-.n e.e ep.ce^ Uye.. 
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ex— t»W slow crowth rate which could be 
^sea bv'e.e edition of 9 *eatin. Edition of zeati.n also 
reduced the quantity of tissues normally selected against. 

EXAMPLE 2 

I nitiation and Selection of Pyogenic Callus 
A friable, fast-growing callus was selected from the organogeny 
tissue after over one year in culture in t* following manner, ft. 
organogenic callus fcen, which the e^ryocenic callus was isolated 

to maintenance -Sic ccntining HS salts and HS vit-ms, ISO 
„/! asoaragine. 1 2.W. ' ^ 3.Wi=hlo«W «t« - 

' " „ sucrose ^ 0.6* washed agar. The organogel callus w a s 
transferred after 3 weeks fresh ^diu* having the s^e cci=one.,ts. 

Mte- a total of 5 weeks or. the -*3io, the eriryogenic callus 
acceared as snail isodia.-*tric cells having der.se cytoplasm and Urge 

^i, 5f ; nn The sectors were errbedded in a 
nuclei on microscopic exwma^on. The 

.ucilagenous matrix. Tne sectors and -ilagenous matrix « 
15 from t* surround conpact organic callus vitn steri 

...u . c^-o^iio ^c^o^ 1 . Trie sectors ana m-c 

ve- removed by scraping with a s.e.U- Sv~?e-. 

^ .v-^njncp medium as descr^Deo accve cur. 

genous matrix ware — _ ^ 

rv.- ui= callus crew approximately 3 u_mes 

,0 - e^enic callus -as initially isolated „„£c 

callu, that had teen g «o* on M intanence ,ed^ mcluc.ng 3.3-0. 
genic sectors have been subsequently isolated from organogel «- s that 

. „ • .1 u t;_n These isolates, however, tenc to 

has been maintained without 3,5-D. Tnese isoiat 

rapidly organize and carrot be maintained. 

EXA.MPLE 3 
Initiation of Suspens ion Cultures 
,c One ard seventy-seven one-hundred ths gram (1.77 g) of friable 

• k ^ =77 w„ inoculated into 25 ml of yS medium 
callus tissue from corn inbred 3/3 was moon aw- 

havinc the following ccroccner.ts: 
macnesium sulfate-seve^ hydrate (M^'TH*), 
calcium chloride -dihydrate (CaC^-^H^) , , 
30 potassium nitrate (KNO3), 
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arroni'jn nitrate (NH4NO3), 
potass ian phosphate (KH2PO4), 
manganese sulfate-four hydrate (MnSO 4 -4H20) , 
zinc sulfate-seven hydrate (InS0 4 -7H20) , 
cupric sulfate- five hydrate (CuS0 4 -5 H2O), 
cobalt chloride -six hydrate (CoClrSH^ 
potassian iodide (KI), 
boric acid (H3BO3), 

sodium molytdinon oxide-dihydrate Wa 2 MD04-2H2°> , 
ferrous sulfate-seven hydrate (FeSO'-TH^) , and 
scdiim ethylenediaainotetraceticacid (Na 2 EOTA). • 
in general, as used in the invention, the exact concentration of the sal.s 
can be varied within limits without departing fro, the invention. 

^- maHis however, the concentrations of tne 
standardize the making of the media, nowever, 

15 abcv« listed minimal salts aK as follows: 

MgSO-TfisO 370. milligrams/liter (mg/1) 

CaCl2-2H20 440 ^ 

KN0 3 1900 "S/ 1 

NH4SO3 1650 

KK 2 F0 4 170 ^ 

MnS0 4 -4H 2 O 22 ' 3 T ^ //1 

ZnS0 4 -7H20 8.6 mg/1 

.C0S0 4 .5H2O °- 025 ^ 

COQV6K2P 0.025 mg/1 

- C.32 rng/1 

H ,S0 6.2 mg/1 • 

Na-,to0 4 -2R 2 0 • 0.25 mg/1 

Feio 4 .7 ri2 0 2S ' 75 ^ 

Na 2 EDTA 37 ' 25 

The median further contains the following vitamins, hormones *nd 
carbohydrate sources 

Thiamine *HC1 
Pyrodcxin-HCl 

J . . . 1.3 mg/1 
Nicotinic acid ^ 
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30 



0.2 mg/1 
0.2.5 imA 



35 



Calcium pantothenate °- 25 ^ 

132.0 mg/1 



L-asparagine 
2,4-D 
sucrose 



pa 



2.0 mg/1 

2% veight/vclume 
6.0 
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The friable embryccenic callus and median are placed in a 100 ml 
Ceiorx, flask and" are incubated at 27 'C on a gyratory shaker at 130 rpm 
w^h indirect lichting from Agrolites for 16 hours a day for 7 days. Cul- 
tures were transferred every 7 days in a 2 to 5 culture to median transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Embryos are generated fron the suspension cultures by removing a 
one ml aliquot fron a 7 day old transfer and placing it on a solid plant 
growth median such as MS medium or N6 medium containing no hormones or 
0.01 mg/1 2 f 4-D and from 2 to 6% sucrose. The plates are maintained under 
10 the conditions described in Example 4 for approximately one week^_ Plants 
may be regenerated from the embryos by transferring the embryos to MS or 
- N6 media containing no hormones and 2 to 6% sucrose as described in 
Example-6 below. 

EXAMPLE 4 

Formation of Embvros and Plantlets 

A 15 day old suspension cult-are having a volume of approximately 

;■>,- £,v~o *-i arrf the c°lls were soun down 

15 25 ml was placed in a sterue cer.un.uge .use anc cne 

at 1000 rpm for '5 minutes. Tr.e supernatant was discarded and the cells 
^ r-cusoended in 25 ml of hormone free N6 medium containing 6% sucrose. 
C*e ml of 'the resuspe.nded cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, no hormones, and 0.5% washed agar (K.C. Biolcgicals, 

20 Renex, Kansas). The plates were 'covered and maintained at 27 'C under 

Agrolites at 1000 to 3000 lux for 16 hours a day. Afrer 23 days,, numerous 
globular structures grew cn the hormone-free N6 medium containing 6% 

. sucrose These globular structures were removed and transferred to 

hormone-free MS median with 2% sucrose and 0. 1 % .charcoal. After 6 days 

25 four plantlets approximately 1 to 2 centimeters (cm) in length having 
snoots and roots were observed. 

EXAMPLE 5 

Receneration of B73 Plantlets from S uspension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

months) was centrifuged at 1000 rpm for 5 minutes to pellet its cells. 

These cells -.ere then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 ^ suspended cells/ml hormone- free medium. Cne ml 
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of mKm COO * cells, «, pi«* onto no hocxn, N6 «ai* » SUC " 

rose, O.H charcoal, pn = 5.8. 

& ese 01 -es *ra inched at 23'C in the dark. Mar on. 
^r.th, clobular structures ton*! *ich «re then transferred to fresh 
5 and PUC- -*r elites. After approximately 3 wee*s. .any =£ 

these structures had developed into plantlets. 

EiAXPLE 6 

of H73 Plants f- Callus Culture 

■ cne hundred q of friable B73 callus/petri plate -as placed on 
N6 ^iun with 4% sucrose ard no hordes. These plates ««. incuhat.. at 
23-C in the dark. After 27 days serous plantlets were nmcri end 
,0 transferred to piastic tiss. culture cc.es «*« 3 inches . - es , 4 

en ,-1 of N-r-«r.A f~.~> M.S. mefli'Jn with 2% Sucrose, 
inches) containing 50 ial of hcocn. 

. «.-v of the=e slants were transferred to 

After acoroximately cne month, s_x ot ^.ese 

Tin «f m«w olarts were crown to maturity, 
pots in the greenhouse. All of these pia,xs v*. . 

EXAMPLE 7 

prison of tor^enio 373 Callus Culture 
and Non-ETTfervocen ic 3/3 tiss^ _ 

„ _ , . ^ ^ inbred 373 tissue indicated 

Bec , * i e£n u«3cuiu3*j* — ^ ~- — 

i ^ ^ ecual weicht of homogenization buffer chaining 
15 below were placed it. an ecua^ we^ui. ~? 

16 .7, w/v sucrose. 8.3, w/v oscrMc ac:d at pH 7.4, and was ^£ 
usin, a *rter tissue to c=eni=er. The senate «s prepared for s.a..h 
eel electroohoresis a* the cesultin, ,els «re stained for ^estera* ,. 
f F igure U.'aicohol dehydrogenase (Ficure 2, glut-*. 

3, /^lucosidase .figure 4, as descried * * 
L Sties, 96^7-70. in Fibres ,-4 helow, the tissues «re gro^ as 

taKen directly fro, 6 wee* old gree^use stained B73 plants. 
Coleoptile - taXen fro, sheets sLx days after gemination *>» ^ 

. * B73 se^s one dav after soaxing in disuilieo 

25 Shoots - taken from mature B/J seecs one <-av 



20 

-follows: 



water. 



Sc .^ Um - taxen fro. ntuc 373 e*ry= one day after sowing in dis- 

tilled water. 

, r-.-— - ^'<"n >9 da^ after pollination. 

Zvcctic t-.^i-'w . — •• " ^ - 
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r^ture Zvcctic SArvo Rescued - taken 12 days after pollination and then 
transferred to the medium of Example 3 for 7 days. 

E^brvocenic"- 2,4-? - friable Cryogenic callus tissues of B73 that were 
maintained on the rediun of Example 3 without 2,4-3 for 19 days. 
5 Embrvogenic + 2,4H3 - friable embryogenic tissues of B73 that ware main- 
tained on the medium of Example 3. 

Orcanocenic - organogenic tissue of B73 that v*re maintained on the medium 
of Example 3. 

Figures 1-4 aru representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns shew the following results: 

Esterase - Figure 1 - Bnbrycgenic cultures gave the same isozyme 
patterns as rescued zygotic entorovos and organogenic cultures gave the . 
same isozyme pattern as mature leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 embryogenic cultures on median without 2,4-D gave the same isozyme pattern 
as zygotic embryos, but Cryogenic cultures on the same medium containing 
2,4-D did not. 

Glutamate dehydrogenase - ngure -> - o.^^s"-- 1 - — - 

median without 2,4-D gav* the same pattern as zygotic embryos, but embryc- 
20 genie cultures on mainterur.ee medium with 2,4-0 did not. 

A -Glues idase - Figure 4 - embryogenic and organogenic culture 
gave the sane pattern as coleoptiles but a different pattern than zygotic 
embryos. 

These results support the characterization that regeneration 
25 from embryogenic cultures proceeds by a type of somatic embryogenesis. 
^ e presence of isozymes usually associated with coleoptiles suggests that 
the timing of embryogenic developmental events may be different Lhan tnat 
of of zv=ctic enbryes. 
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E XAMPLE 8 

Oar.ct.ris.tio* of »ly»=^«? c ^ tloR 

of Erfarvocenic B73 Tissues . 

TCTmlof a 7-da^ld iw.nie cell suspension of J*™ 1 
B7 3 was transferred into a fresh =0 nu liquet of the -ai» of *^le 3. 
,»! lures were grown In «!. 1W* « «'C In a shaXer at ,30 rp.. 
1*:; cells a* debris were —ed fro, the ^ by centr^ca- 
5 "" or fixation. V* r^inin, dear culture «di™ was then d^uted 
J" "ol^es of ethanol (95* v/v, at rco, t^rature with *^ * 
^te fifcrous precipitate - collected on a 

. i _^ dried i n a vacuum dessicator even. The driedpreci.. 
absolute ethanol and anec in a at 7o(T'C 

, . , h^roc^oric acid for o hours at iuu c 

irate was hvdrolvzed in 1 nor^l nycroc..-or^ 

itate was n. . Sundance nuclear 

10 and the component sugars were CL-l/seo o. _^ p , OT - 
Mgnetic resonance (1*-**) on a Varian XL-200 »K spec-cn*-. 

Tne ^saccharide was identified as a ccly^r Rising galae- 
tose ,^se in atout a 4:1 ,Uc*o— «*• i»-o. ~ 

coition different fro. »i- «* -ta^ a l^se. ^ 

,5 ^ ^ant in «ueo» ? alacturonic ^ ^ 

• cal=tose in a 7:5:1 ratio (see Sni~., - — 

contaLns xylose, araoinose and ca-.ose -n . 

■ o r . r^istrv of Plant Cgsarv* ^i^ces and Sere Related. 
u — r>^Ki^chipc Corp.. Ne* Yorx). 

EXAMPLE 9 
Carton Source Utilization 
E-r«— suspension .ailtures of com inbred 373 were washed 
20 in carbohydrate-free -ia. «S *L.trf cntoth. ^ £ - 

had be-n solidified -with 0.6% washed agar -and contained 1% w A or 
had been sol _^ ^ x 

fiTte 1 — sterilized test ccn^c^*-^ - L ^- 3 

„, • aVv ,^«, r 2 we-ks and 9 weeks growth in the dar.< at 
was assessed visually ax.er - -e^* 

27'C. 



25 



^e toxicity of calactose in ft. presence of morose was tested 
_ 0 .,.^,<- 0 f n inbred B73 by incorporating 
- *™" iC suspens.cn c,K s c. cos, i j% v/v 

galactose (0.1 to 6* w/v) mto the medium o. 

sucrose. Grot!, was .easurei by pacXeo cell vol^e (PC/) af.er day, 



incutaticr. cn a shaker at --'C in tr.e light 
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TABLE I 

C„wth of ^enic Cll. of Go. ^ 373 on Various Sources 

B73 Cell Growth 
Relative to r a ^hvrirate-Free Control 
■ co» rarbon Source . R elative s ^5 

sucrose 
D-glucose 
soluble starch 
D-(+)-<5alactose 
-lactose 

D-sorbitol * 
L-proline 



0 (control) 
L-(+)-arabincse 

myo- inositol 

-D-(+)-fucose 
L-glycine 
L-arginine 
L-(-) -xylose 
D-(+ )-rrannose 
DL-rnalic acid 
D-JTunnitol 
L-(-) -sorbose 

-L-rhamnose 
L-alutamic acid 



0 
+ 



0 

0 

0 

0 

0 

0 

0 

n 

0 
0 
0 
0 



+ = Visibly detectable gn>th. 

„ost of the sources did «* suppcrt 

« ob-ai-ed with sucrose and glucose. Soluble s.ar.n 
"* ^ir^n^T^l after an initia! 1„ p.rlcd. 1*. 

HctoiT " ^«ic ~n dX Une of B73 shc~d l ta U- ^ 

response to galactose. 
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The embryogenic callus of con inbred 373 which crew en starch- 
containing plates appeared to lack the cai ac tcrcannan secretion present in 
the plates containing sucrose or glucose. Suspension cultures of the same 
tissue growing on starch produced no detectable amounts of gaiac toman-nan. 

EXAMPLE 10 

5 Plants obtained in Ex^nple 6 were grown in the greenhouse and 

were either self -pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R]S] for 
self-pollinated, R]BZ] for backcrossed and RjSibi for sibling pollinated). 
The corn progenies were produced frcrn four regenerated plants. Two . c£ the 
10 regenerated plants were self -pollinated using the rain stem ear and a 

tiller tassel. Because of asynchronous emergence of tassels and silks and 
frequent occurence of tassel^ears, the remaining regenerated com plants 
could often not be self-pollinated, but instead were used as female 
parents in crosses to seed-grown 373. 

15 The seeds produced were crown out in the field between Dec amber, 

l'S83 and March 1984. Plants were evaluated in early February, which was 
approximately two weeks post-poll ination for the com. A total of ten 
rows of regenerant progeny were planted out ear- to- row. In addition, two 
seed-grown* plants used as male parents in crosses with the r eg ene rants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, stem diameter, leaf nirrber .and any 
evidence of single gene nutations off ectLng "plant appearance. While some 
rows showed evidence of salt stJess, no differences could be seen between 
the RiS-|, RiBCi, and R-|Sibi prcceny and the seed-grown check rows. 

25 From the foregoing it will be apparent to those skilled in the 

art that embryogenic tissues and cell suspensions of com inbred 373 will 
enable plant breeders, practitioners of methods of plant tissue and ceil 
culture, and plant molecular biologists to carry out major improvements in 
this valuable and widely used com inbred. The embryecenic cultures of 

30 com inbred B73 provided by the instant invention make it possible, for 
example, to subject these cultures to _in vitro mutagenesis to induce vari- 
ation in com plants regenerated therefrom. Methods for chemical and 
physical mutagenesis as well as cell culture techr.icues for the recover/ 
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is 

^ t-hcse ski 1 led in the * art (see for 
arp well known to tncse s^ 1 - 1 " 
of desirable mutants are **u • T ^„ r ^ Economically Useful ^ta- 

^ a 7 -Possibilities of Ir.cuc.ng tconcm-v. 
example: Poccva, k ^ hv1 M o Lha r*sulchonate," Genetic 

tions in Maize Seed by T.eatn*... ' ..^nation of WF3 

Suspensions, Tneor. ; -~ • vi v^ 0 _ An Assess- 

^ c r^--> pi>-\ts via Sincle Ceils m vx-.^ 

,o jijaasa^ cell ,,3^3^,^ com 

to encanpass „ t of t , e 

plants regenerated therefra* and the 
regenerated com plants. 

., ~=*-«~-e '-hole plants from the ereryoeenic 

*• ablUty " ; «f eJ B73 provided *y *. . 

,5 tissue «. cell suspens ^ ^ ^ ^ ^ t0 ^ out in 

ins: ant ^ ^ esir£ile miis . ( see 

vi*-^o selections tcr ces*^ — - ^ • > tv^s, 

11^2. . . . a i mentioned here j.. ierc.e. , 

Hiwoe- et al. and Bencenbacn -at al., bo_. men 

Hl ^ ssoe cr c-11 suspensions cultures of com. Lo- 

using the enbryogen-. ^.ssoe c. ^ ^ to cultures of • 

_ ; — i-vencicn. i; is ~ " 

20 B/J oz L« herbicides and patr.c- 

ccr, inbred B73 to.sei*c^e =gen .or ^ ^ 

i»,--<ssu«»s and cells resistant .o tne se_ - 
toxins, to select " „ ^ tntl . ~.us; cohered 

. to regenerate P^^^ ar? ^enic tiss.es 

within the scope *~ ^ ^ ^ ^ and ^ . 

" rellS f Tne^ - - - «* * ^ 

thereof regenerated 

plants. 

~ will also b. readily apparent to .hose skilled i, , the art 
" r tissue «d cell suspension culture o£ com inbred 873 
that -fctwmc t «. - ^e. ^ ^.^ Ln 

30 provides the opportune for the 5 cultuI ~ and cell 

lri red B73 by re=er*ratirc pl«,u tra. iwnticn . 

« inhre^ B73 prcviced oy the ins — 

su^nsion cultures c cor. ^ ^ ^ ^ 

Such stable somaclonal variants are ^ v ^a*im and Frequency of 
as exemplifies in ^a~o e ^ ^ 

35 Spontaneous Mutation Asscciatefl w^n t..e i 
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Regeneration in Maize," Kaydica 26, pp. 39-35 (1981); 3eckert et al., 
"Etude de la Variabilite Genet icue Cttenue Chez le Mais Apres Calloce.nese 
et Regeneration de Plants in vitro . Acrononie 3, pp. 9-18 (1963); and 
Larkin et al., "ScP*clonal Variation - A Novel Source of Variability from 
5 Cell Cultures for Plant Lnprovenent," Theor. Aspl. Genet. 60 , pp. 197214 
" (1981). A large body of literature in fact suggests that plants regen- _ 
erated fran culture are characterized by an unexpectedly high rate of 
stable propagatable chenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Maize Inbred," 37th Ann. Com & 

10 Sorghum Research Conference (1983). Thus it is new possible to provide 
progeny- with genetic variations arising fran scmaclonai variants regener- 
ated fran 'com inbred B73. Such characteristics ray be stably maintained 
in the second generation progeny of the regenerated plants and will 
generally exhibit either 'Mendel ian segregation (e.g., 3:1 ratio for single 

15 gene traits) or uniform expression since scraaclcr.al variation arises in 
diploid cells and may generate homozygous variants. Thus, the invention 
is considered to encompass scmaclonai variants of the emcryccer.ic callus 
and cell suspension of com inbred 373, com plants 'and the seed thereof 
recene rated the re fro?, and the progeny of the regenerated com plants. 
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CLAIMS : 



,. Erteyccenic ^lus «! reU s^^"™ ° £ 

inbred 373 and the clones thereof. 

2 torn plants a--d the seed thereof regenerated fran enfcryo- 
^nicc^l- a* -W.* «11 suspensions of cm inbred B73 and the 
5 clones thereof. 

• 3 . Mutagenixed e^rv^eni. callus ^ut^nized cell suspen- 
sions o£ corn inbred B73 and clones thereof. 

• 4. Corn.plar.ts «9 the seed thereof regenerated from stager- 

,^,-3 re n suspensions of corn inbred 
. ized embryogenic callus and routagenized ce- su.pe 

10 B73 and the clones thereof. 

. 5 p^oceny of com plants regenerated frcn r^ogenic callus 
„ ^Inic'cill sus^ns^ of cor. ii^ B73 a. clones t*reo„ 
said progeny including nutants and variant progeny. 

, ^ «n 1JS of oor. inbred H73 having the character- 

, n P^rvccenic callus of com irired 373 deposited m tne 
15 istics of an entoryogeruc c-. AcC o S3 ion Nurrber 40116, and 

rry— r.iitur* Collection oncer ATU- acotso^ 
African lyre CuKu„ u. ca iius and clones of said 

c-u suspensions derived tron said oorsooem. 
^.'.ic callus or cryogenic cell suspensions. 

7 com pl^ts and the seed thereof regenerated fro* the ■ 
20 «ni='cailus a* cell ascensions and clones of said 

^enic callus or Weenie cell suspension, of 4. 

8 Hutacenizrf -^enic callus of com inbred B73 said 

■ c'callus'of awn inbred B73 having the characteristics of an 

1 cSus o com i^red B73 deposited In th. *»rie* Type 
^rycgen.c callus of co „ u 

25 ^ir ~ ™- cai ius - *~ - - _ 

Ten^ea e^enic callus or ^enic.. cell suspensions. 
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9. Corn plants and the seed thereof regenerated from the rrrjta- 
genized enbrycge.nic callus and mutagenized cell suspensions and clones of 
said rrutagenized eroryoge.nic callus and joitage.nized erizr\oger.ic cell sus- 
censions of Claim 8. 

10. Progeny of corn plants regenerated from enbryogenic callus 
having the characteristics of an enbryoyenic callus of corn inbred 373 
deposited in the American Type Culture Collection under ATCC Accession 
Nimber 40116 or regenerated fran cell suspensions derived fran said 
enbryogenic callus having the characteristics of an enbryogenic callus of 
corn inbred B73 deposited in the African Type Culture Collection under 
ATCC Accession Nir?ier and clones thereof, said progeny including 
mutants and variant progeny. 

11. An errhrycgenic callus of com inbred 373 as deposited in 
the ATerican Type Culture Collection under ATCC. Accession Nirrcer 40116, 
cell suspensions derived from said enbryccenic callus and clones thereof. 

12. Com plants and seed thereof regenerazed fran the erribryo- 
genic callus of corn inbred B73 as deposited in the ATerican Type Culture 
q-n 1 7 c^<- * «j_r-v^o>- ATCC A cce s s i cn N T, u~bo r 4 0116 ce 1 1 su z oens ions 
derived frcrr. said eribyrccenic callus and clones thereof* 

13. Mutagenized eriryccenic cali'us of com inbred 373 as 
deposited in the American Type Culture Collection under ATCC Accession 
Nurber 40116, mutagenized ceil suspensions derived fran said e^hryogenic 
callus and clones thereof. 

14. Com plants and the seed thereof regenerated from the nuta- 
Genized callus, mutagen! zed ceil suspensions and clones of said mutagen- 
ized eribryogenic callus and rrutagenizod erhr\ogenic cell suspensions of 
Ciaun 13. 

15. Progeny of com plants regenerated from the eruzr-ogenic 
callus com inbred 373 as deposited in the African Type Culture 
Collection under ATCC Accession Nur.be r 40110, cell suspensions derived 
fran said erhryegenic callus aa^ clones thereof, said progeny including 
mutant and variant proce.ncy. 
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